In responding to sounds, birds use both relative and absolute pitch perception. As a means of testing which type of pitch perception is dominant, European starlings (Sturnus vulgaris) were trained to discriminate between low-ascending and high-descending sequences of tones. They were then tested with high-ascending and low-descending sequences during probe and transfer sessions. The birds could transfer their discrimination on the basis of either high versus low (absolute pitch) or ascending versus descending (relative pitch). During probe sessions, birds responded to nonreinforced novel sequences on the basis of absolute pitch. However, during transfer sessions, the birds could quickly learn to respond to reinforced novel sequences on the basis of relative pitch. The results indicate that during initial training, the birds learned about both relative and absolute aspects of the stimuli.
Although relative and absolute pitch perception were first described by music psychologists, they have now been operationally defined to describe perception of biologically relevant acoustic stimuli in nonhuman animals. First, changes in pitch between and within sounds may be encoded as ordinal or interval changes, and the perception of these changes may remain invariant over transpositions in the absolute frequency of the sounds. Such encodingrelative pitch perception (Deutsch, 1982; Hulse, Takeuchi, & Braaten, 1992 )-dominates human perception of acoustic sequences. On the other hand, the pitch of a given sound can be encoded independently of its relation to other sounds. This representation of a sound's pitch identity has been termed absolute pitch perception. Perfect pitch, the ability to name the identity of musical notes without reference to an external standard, is rare among humans (Takeuchi & Hulse, 1993) . Another form of pitch perception is the ability to classify a tone as falling within or outside a particular frequency range (Njegovan, Ito, Mewhort, & Weisman, 1995) . The relationship between this pitch range classification and perfect pitch is unclear. This study was designed to examine which of the types of pitch processing just mentioned are important in avian acoustic perception.
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Relative Pitch Perception in Birds
Many of the data from field experiments suggest that birds both produce and perceive songs using relative pitch. Many species of birds produce constant frequency intervals in their songs; that is, the relative change in frequency between notes is highly stereotyped across different renditions of the song and regardless of the absolute frequency of the song. Black-capped chickadees (Parus atricapillus), white-throated sparrows (Zonotrichia albicollis), and veeries (Catharus fuscescens) all maintain constant frequency ratios between the notes of their songs (Hurly, Weisman, Ratcliffe, & Johnsrude, 1991; Weary, Weisman, Lemon, Chin, & Mongrain, 1991; Weisman, Ratcliffe, Johnsrude, & Hurly, 1990) . These constant frequency intervals also seem to be important to the birds in recognition of their songs. Birds respond less aggressively to played-back songs that have altered frequency intervals (Hurly, Ratcliffe, Weary, & Weisman, 1992; Shackleton, Ratcliffe, & Weary, 1992; Weary et al., 1991) .
Further evidence of relative pitch perception in birds has been provided by laboratory studies. Weisman, Njegovan, and Ito (1994) trained zebra finches (Taeniopygia guttata) to discriminate among a series of tone pairs. One group of birds had to discriminate a group of tone pairs with a constant interval between them from tones with other constant intervals (consistent-ratio group), and another group of birds had to discriminate between two groups of tone pairs with no reliable interval information to distinguish them (jumbled-ratio group). Learning was substantially facilitated when birds could respond on the basis of a constant interval rule. That is, zebra finches learned the discrimination using a relative pitch strategy much more readily than the group that had to rely on absolute pitch alone. Hulse and colleagues (Hulse & Cynx, 1985; Hulse, Cynx, & Humpal, 1984) showed that European starlings (Sturnus vulgaris), brown-headed cowbirds (Molothrus ater), and mockingbirds (Mimus polyglottos) can perceive ordinal pitch relations. These birds could be trained to discriminate between sequences of tones on the basis of whether the tones were ascending or descending in frequency, and the birds transferred this discrimination to novel stimuli that were in the same frequency range as the training stimuli. This laboratory evidence that birds can perform relative pitch discriminations supplements the field evidence that they do perform relative pitch discriminations in the wild.
Absolute Pitch Perception in Birds
In contrast to the results just discussed, many laboratory studies have indicated that birds also have excellent absolute pitch abilities and use absolute pitch to discriminate among sounds. For example, European starlings can discriminate between rising and falling tone sequences and can transfer this discrimination to novel tone sequences (Hulse et al., 1984) ; however, when the transfer stimuli are outside the frequency range of the training stimuli, the birds completely lose the discrimination (Hulse & Cynx, 1985) . Such failure to transfer relative pitch discrimination to novel absolute frequency ranges has been termed the frequency range constraint (Cynx, Hulse, & Polyzois, 1986) . This robust phenomenon occurs whether the transfer stimuli are higher than, lower than, or intermediate to the training stimuli and is independent of the size of the training range (Hulse, Page, & Braaten, 1990) . The frequency range constraint suggests that absolute pitch perception takes precedence over relative pitch perception in birds. That is, birds have a hierarchy of pitch processing strategies, with absolute pitch perception ranked above relative pitch perception (Page, Hulse, & Cynx, 1989) .
More recently, it has been shown that zebra finches readily form categories on the basis of absolute pitch ranges (Njegovan et al., 1995) . Finches were better at discriminating among a number of tones when the tones were grouped into three contiguous frequency ranges than when they were grouped in a distributed manner. The zebra finches were much more accurate and precise at forming categories based on absolute frequency ranges than were humans. The finches also accurately classified novel exemplars into the frequency ranges. These data suggest that birds have excellent pitch range classification abilities. Interestingly, the group of birds trained to discriminate the distributed tones did learn to identify the tones after extended training; none of the human participants did. This result suggests that the birds may also have abilities analogous to perfect pitch in humans.
The evidence to date, then, seems to indicate that birds may have both relative and absolute pitch perception. Our purpose in this study was to determine which of these processes may be more important when compared directly. That is, we presented to birds a discrimination problem that could be solved by means of either relative pitch or absolute pitch and then performed transfer tests to determine which of these processes they used. Birds were initially trained to discriminate between tone sequences that either started at a low frequency and ascended or started at a high frequency and descended (Figure 1 ). We then used probe and transfer sessions to determine how birds would classify stimuli that started high and ascended or started low and descended. We predicted that if absolute pitch processing dominates birds' acoustic perception, they should classify high-frequency stimuli with high-frequency stimuli, regardless of whether the stimuli ascend or descend. On the other hand, if relative pitch processing dominates birds' acoustic perception, they should classify ascending stimuli with ascending stimuli, regardless of whether the stimuli start at a high or low frequency.
General Method

Subjects
The subjects were adult male European starlings (Stumus vulgaris) trapped in the wild at a site 30 miles (48 km) north of Baltimore, Maryland. The starlings were housed in individual cages in an aviary of approximately 50 birds. While housed in the aviary, birds had visual and vocal contact with each other. The photoperiod in the aviary matched the naturally occurring sunrise and sunset at 37° north latitude. The starlings ate a diet of commercial turkey starter supplemented with fresh spinach, and they were provided unlimited access to grit and water.
Thirteen birds were subjects in these experiments. Each bird participated in a single experiment. None of the birds had experience in any experimental procedures before their participation in this study. During the experiments, the subjects were restricted in terms of food; we weighed them daily and provided enough food after each daily training session to ensure that their body weight was approximately 85% of normal before each experimental
Apparatus
During experimental sessions, subjects worked inside a sound attenuation chamber (80 cm long X 60 cm wide X 60 cm high; Model AC-3; Industrial Acoustics Company, Bronx, NY) containing a speaker, response panel, and feeder. The response panel was 27 cm from one end of the chamber and formed one wall of a 28 X 20 X 30 cm weld-wire cage that housed the subject. Two 2.8-W light bulbs mounted on the back wall illuminated the chamber.
The response panel was a 26 X 30 cm sheet of 2-mm-thick stainless steel equipped with three response keys and a 4.5 X 6 cm opening that provided controlled access to a Gerbrands (Arlington, MA) Model G5610 food hopper. The keys were plastic disks 2 cm in diameter connected to microswitches; keys were spaced 6 cm apart in a horizontal row 4.5 cm directly above the food hopper opening. Only the right-most two keys were used in this study. A 2 X 13 cm and two 2 X 2 cm holes penetrated the response panel above and below the row of keys, respectively; holes were covered with copper wire screening. These holes were directly in front of a BOSE 101 (Framingham, MA) speaker mounted above and behind the panel. A microcomputer controlled and monitored the speaker, keys, house lights, and food hopper and collected data.
at either a high or a low frequency and either ascended or descended from there. Each sequence consisted of four tones, each 86 ms in duration, separated by silent intervals also of 86-ms duration. Each tone in the sequence had ramped onsets and offsets, changing linearly from zero to peak amplitude over 10 ms. The peak amplitudes of the sounds were equal when synthesized. The peak sound pressure level was measured to be 68 dB directly in front of the center key of the response panel.
All of the stimuli were 16-bit digital sounds synthesized at a 20-kHz sampling rate. They were created on an Apple Macintosh IIx computer with commercial software (Softsynth; Digidesign, Menlo Park, CA) and were then converted to an IBM-PC-compatible format. The microcomputer that controlled the experimental apparatus played the sounds through a Data Translation (Marlborough, MA) Model 2801A digital-analog converter and a Crown (Elkart, IN) Model D-75 amplifier.
General Procedure
The birds in all experiments performed a go/no-go discrimination task. We then assessed how the birds would classify novel stimuli by presenting the stimuli to them in probe and transfer sessions.
Shaping. During all experiments, the food hopper contained a mixture of turkey starter, mashed hard-boiled eggs, grated carrots, and dog food. The birds were first accustomed to eating from the raised food hopper, and then they were trained to peck the center key to raise the food hopper. We achieved this shaping by placing small amounts of food directly on the center key during the 1st day of training. Next, the birds were trained to peck both the center key and the right key. Reward followed only if the bird pecked the keys in the correct order, that is, center before right. Once a subject reliably performed this task, discrimination training began.
Discrimination training (go/no-go) . Daily training sessions lasted 2 hr. Each bird performed approximately 500 trials per session. To begin a trial, the subject pecked the center key, which led to one of the training stimulus exemplars being played once. The stimuli consisted of two types: low-ascending tone sequences and high-descending tone sequences. For each subject, one type of sequence was designated as the go stimuli, and the other set was designated as the no-go stimuli. The type of sequence (go vs. no-go) that was presented on any given trial was randomly chosen, with a probability of .5 for each type. A 4-s response period began 1 s after the start of the stimulus. Pecks to the right key during a go response period were rewarded by 3 s of food access. If the bird did not peck within the 4-s response period after presentation of a go stimulus, the trial ended and a 1-s intertrial interval began. Pecking within the 4-s response period after presentation of a no-go stimulus led to the house lights being turned off for a 10-s time-out period. If the bird did not peck the right-hand key during the 4-s response period after a no-go stimulus, a 1-s intertrial interval ensued. Thus, it was always advantageous to the bird to peck after a go stimulus and to withhold pecking in response to a no-go stimulus. Starlings have difficulty withholding pecking responses; thus, as a means of facilitating learning, the response period was originally only 2 s. Once a subject showed some signs of discrimination, we lengthened the response period to 4 s.
Stimuli
The stimuli were ascending and descending sequences of pure tones. We list the exact stimulus sets for each experiment separately in later sections. In general, however, the sequences began
Data Analysis
Responses to go stimuli within the 4-s response period were scored as correct go responses. A failure to respond to no-go stimuli within the 4-s response period was scored as a correct no-go response. All other responses were scored as incorrect. For each session, an overall percentage correct score was calculated by summing the number of correct go responses and the number of correct no-go responses and dividing this value by the total number of trials. A criterion of 80% correct responses for three consecutive sessions was used to assess discrimination. Prior research has shown that starlings' performance tends to reach asymptote between 80% and 90% correct for most go/no-go discrimination tasks because many incorrect go responses occur at the beginning of each session. Before any statistical analyses were performed, all data in the form of percentages were arcsine transformed to more closely approximate normal distributions (Zar, 1984) . All statistical tests were performed with the alpha level set to .05.
Experiment 1
This experiment tested whether starlings use absolute or relative pitch processing to solve a discrimination between ascending and descending sequences of pure tones. We designed the initial training stimuli so that the ascending sequences began at relatively lower frequencies and the descending sequences began at relatively higher frequencies. Thus, the discrimination could be solved by means of either relative pitch or absolute pitch. That is, the birds could discriminate between the sequences because some started in a high absolute frequency range and others started in a low absolute frequency range, or they could discriminate between the sequences because some ascended and some descended in frequency. Novel sequences for use in probe and transfer sessions were designed to directly test which of these strategies the birds used (Figure 1) . If the birds used absolute pitch, we predicted that they would categorize the high-ascending probes with the highdescending training stimuli. If the birds used relative pitch, we predicted that they would categorize the low descending probes with the high descending training stimuli.
Method
Subjects. The subjects were 4 adult male European starlings. However, only 3 birds completed the experiment.
Stimuli. The stimuli for this experiment consisted of sequences of discrete pure tones that either ascended or descended in frequency. The stimuli are depicted in Figure 1 . Each sequence consisted of four tones that started at a low or high frequency and either ascended or descended. The exact frequencies of the tones are listed in Table 1 . The frequency ratio from the start to the end of each sequence was constant across all stimuli (i.e., 1.33). Moreover, the tones constituting each sequence were spaced equally along a log frequency scale.
The training stimuli consisted of three low-ascending and three high-descending sequences (Figure 1 ). Probe Set 1 consisted of three high-ascending sequences and three low-descending sequences outside the frequency range of the training stimuli. Similarly, Probe Set 2 consisted of three high-ascending and three low-descending sequences. However, the frequency of the sequences in Probe Set 2 overlapped with the frequency of the training sequences (Figure 1) . The transfer set consisted of three high-ascending and three low-descending sequences at frequencies similar to those of Probe Set 1 (Table 1) . Procedure. Training procedures have been described (see General Method section). Once the birds learned to reliably discriminate between the low-ascending and high-descending training stimuli, as measured by 80% correct responses for three consecutive sessions, the reinforcement probability was incrementally reduced over a number of sessions until the bird was rewarded for only 80% of correct go trials. When the bird performed at a rate of 80% correct in at least three consecutive sessions, probe sessions began.
Probe trials occurred in 3 consecutive sessions during which we randomly replaced 20% of the training stimuli with probe stimuli. Responses to the probe stimuli led neither to reward nor to a time-out. That is, there was no differential reinforcement for either type of probe stimuli. Probe Set 1 and Probe Set 2 were used in two separate phases of the experiment. We returned the birds to the original baseline discrimination task for 10 consecutive sessions between these phases.
After the probe sessions, the birds returned to the original discrimination task for 10 sessions, after which they were transferred to the transfer set of stimuli. The presentation of transfer stimuli differed from that of the probe stimuli. Whereas the probe stimuli were nonreinforced and presented during only 20% of trials, the transfer stimuli were reinforced and were presented on 100% of trials. The reinforcement contingencies used during training were reintroduced during the transfer sessions. That is, birds that were trained to go in response to low-ascending training stimuli were reinforced for go responses to high-ascending transfer stimuli. Transfer sessions were continued until the bird learned to discriminate between the transfer stimuli sets reliably (>80% responses correct for 2 consecutive sessions).
Results and Discussion
Acquisition. Three birds learned the initial discrimination within 50 sessions. A fourth bird failed to learn the discrimination to criterion in 70 sessions and was removed from the experiment. Birds performed 500 trials during most sessions, including probe and transfer sessions.
Probes. During probe sessions, each bird responded to a mean of 87 (±1.5 SE) probe sequences. The birds responded to the probe stimuli on the basis of absolute pitch. That is, birds tended to classify high probe sequences with high training sequences, regardless of whether the sequences ascended or descended. For each bird, we classified all responses as either relative or absolute. For example, if a bird was trained to go in response to low-ascending training sequences, we classified as relative responses all gos in response to high-ascending probe sequences and all no-gos in response to low-descending sequences. We classified as absolute responses all no-gos in response to highascending probe sequences and all gos in response to lowdescending sequences. The birds made few relative responses to the probe sequences for both Probe Set 1 and Probe Set 2 (Figure 2) . The number of relative responses to probe sequences was lower than expected by chance both for Probe Set 1, ** (2, N = 199) = 51.1, p < .05, and for Probe Set 2, x 2 (2, N = 173) = 67.9, p < .05. Response to the probe stimuli, then, appears to be mediated by absolute pitch perception.
Transfer. After transfer, discrimination performance initially dropped but rose quickly to pretransfer levels (Figure 3) . There was significant variation in performance across the last two pretransfer sessions and the first three posttransfer sessions (repeated measures, analysis of variance [ANOVA]), F(4, 14) = 18.9, p < .05. Posthoc comparisons indicated that performance during the first posttransfer session was significantly lower than performance during all other sessions (Fisher's protected least significant difference [PLSD], p < .05). There were no other significant differences among the sessions. These data show that the birds initially responded to the transfer stimuli on the basis of absolute pitch, committing a large number of errors, and then quickly learned to respond correctly on the basis of relative pitch.
Experiment 2
The birds in Experiment 1 quickly learned to discriminate correctly after transfer, supporting the view that they could discriminate among the stimuli on the basis of relative pitch. That is, the birds failed to exhibit any enduring form of frequency range constraint (Cynx et al., 1986) . One of the differences between the earlier frequency range constraint studies and Experiment 1 is that we presented nonreinforced probe trials before the final transfer; the earlier studies did not. Perhaps prior exposure to novel stimuli during the probe phases facilitated relearning during the transfer phase. To test this hypothesis, we repeated Experiment 1 without the probe phases.
Method
Subjects. The subjects were adult male European starlings. Initially there were 5 subjects; however, only 4 completed the experiment.
Stimuli. The stimuli in this experiment were similar to the training and transfer stimuli in Experiment 1. No probe stimuli were used. The frequencies of the tone sequences are listed in Table 2 .
Procedure. During the training phase, subjects discriminated between low-ascending and high-descending tone sequences. Once the discrimination was learned (>80% correct responses for three consecutive sessions), the birds were transferred to the lowdescending and high-ascending transfer sequences.
Results and Discussion
Acquisition. Four starlings learned the original discrimination within 50 sessions. One additional bird failed to Experiments 1 and 2. Rather than ascending or descending in frequency, however, each sequence consisted of four tones of the same frequency. The training stimuli consisted of sequences of four tones at the same frequency as the first tones in the training sequences used in Experiment 1 (Table 1) . The transfer stimuli consisted of sequences of four tones at the same frequency as the first tones in the Probe Set 1 stimuli used in Experiment 1 (Table 1) . Procedure. During training, the subjects learned to discriminate between a low and a high set of tone sequences. Once this discrimination was performed reliably (>80% correct responses on three consecutive sessions), the birds were transferred to new high and low sequences in novel frequency ranges. As in the previous two experiments, birds that were trained to go in response to low training sequences were rewarded for a go response to a high transfer sequence. These reward contingencies were counterbalanced across birds.
learn the discrimination and was removed from the experiment.
Transfer. Transfer in this experiment was not markedly different from that in Experiment 1 (Figure 4) . Initially there was a drop in discrimination after transfer, but the birds quickly learned to respond correctly. Again, there was significant variation in performance across the last two pretransfer sessions and the first three posttransfer sessions (repeated measures ANOVA), F(4,19) = 9.6, p < .05. Post hoc comparisons indicated that performance during the second and third posttransfer sessions was not significantly different from that during the two pretransfer sessions (Fisher PLSD, p > .05), but that performance during the first posttransfer session was significantly lower than that during all other sessions (Fisher PLSD, p < .05). Again, it appears that the birds initially responded to the transfer stimuli on the basis of absolute pitch and made errors but that they could quickly learn to respond correctly on the basis of relative pitch. This effect is independent of prior exposure to novel stimuli during a probe phase.
Experiment 3
In the previous experiments, the birds classified probe stimuli on the basis of absolute pitch but also quickly learned to respond correctly to the transfer stimuli. These results suggest that starlings initially respond to novel auditory stimuli on the basis of absolute pitch but can quickly learn to use relative pitch information when the task so demands. An alternative explanation to account for these data, however, is that the birds used absolute pitch alone to solve the discrimination. After transfer, the birds could have learned a new absolute frequency range discrimination very quickly, independent of relative pitch information. To test this alternative hypothesis, we trained birds to discriminate between tone sequences that contained no relative pitch information and then transferred the birds to novel sequences in new absolute frequency ranges.
Method
Subjects. Four adult male starlings completed this experiment. Stimuli. The stimuli in this experiment were similar to those in
Results and Discussion
Acquisition. All 4 birds learned the initial discrimination within 50 sessions.
Transfer. After transfer, the birds' performance dropped to chance levels for several sessions ( Figure 5 ). Eventually, all 4 birds learned to respond correctly to the transfer stimuli. In Experiment 2, the birds took an average of 2.5 sessions after transfer to perform at a rate of greater than 80% correct responses. In this experiment, however, the birds did not perform at a rate of 80% correct responses until an average of 7.5 sessions after transfer, a significantly greater number of sessions, t(6) = 3.06, p < .05. This transfer task appeared much more difficult than that in Experiment 2. The data allow us to reject the hypothesis that the birds in Experiment 2 merely learned quickly to correctly respond to novel absolute frequency ranges. 
General Discussion
Absolute and Relative Pitch Perception
These experiments assessed the relative importance of relative and absolute pitch perception when European starlings discriminate sequences of ascending and descending tones. The original training discrimination could be solved on the basis of either discriminating two different ordinal pitch changes (relative pitch) or discriminating between two separate absolute pitch ranges (absolute pitch). If the birds discriminated on the basis of relative pitch, they should have categorized ascending probe stimuli with the ascending training stimuli, regardless of the absolute frequencies of the stimuli. If the birds discriminated on the basis of absolute pitch, they should have categorized high probe stimuli with high training stimuli, regardless of whether the stimuli were ascending or descending. The starlings responded to the nonreinforced probe stimuli on the basis of absolute pitch.
This predisposition toward absolute pitch ranges is foreign to human experience. A simple thought experiment will clarify this point. Imagine two melodies, one ascending and the other descending, each played in two different keys. When asked to sort these four sequences into two groups, most humans would group together similar melodies in different keys rather than different melodies in the same key. The results presented here suggest that starlings would do exactly the opposite. Njegovan et al. (1995) have directly compared avian and human abilities to categorize frequencies into absolute ranges, and they found birds' abilities to be far greater than humans'. As they noted, this ability may facilitate conspecific song recognition in birds. Most bird species' songs lie within limited absolute frequency ranges, and transposition outside these ranges inhibits song recognition (for a review, see Njegovan et al., 1995) .
However, birds can, in fact, use relative pitch to solve acoustic discriminations. When presented with transfer stimuli in the experiments described here, the birds initially lost the discrimination but quickly learned to respond correctly. We interpret this as indicating that the birds initially transferred their discrimination on the basis of absolute pitch but quickly learned to respond on the basis of relative pitch. An alternative explanation might be that the birds quickly relearned new reward contingencies based on new absolute pitch ranges. The results of Experiment 3, however, reject this alternative explanation. The most parsimonious explanation of the birds' rapid transfer in Experiments 1 and 2 is that while learning the original discrimination, they learned about both the relative and absolute aspects of the stimuli. That is, they learned to discriminate between the low-ascending sequences and the high-descending sequences, and they learned both the relative pitch and absolute pitch differences between them. Which type of information they used to assign novel stimuli to these two groups of sounds depended, in large part, on the demands of the task. During the probe sessions, birds tended to classify nonreinforced novel sequences on the basis of absolute pitch. However, the rapid transfer of discrimination during transfer sessions indicates that, when asked to do so, starlings can also classify novel sequences on the basis of relative pitch. The birds seem to have formed two categories: low-ascending sounds and high-descending sounds. New exemplars could be assigned to these categories on the basis of either ascending versus descending or high versus low.
The results presented here appear to be general across a wide range of stimulus types. We replicated these experiments using continuous frequency sweeps instead of sequences of discrete tones and using spectrally more complex sounds instead of pure tones. All of these experiments had qualitatively the same results. That is, during probe sessions, birds tend to respond to novel stimuli on the basis of absolute pitch; after transfer, however, the birds quickly learn to respond on the basis of relative pitch. Both types of pitch processing, then, appear to function in the perception of a wide variety of sounds.
Frequency Range Constraint
Several previous studies (e.g., Cynx et al., 1986) have demonstrated a frequency range constraint. Simply put, these experiments showed that starlings could learn to discriminate between ascending and descending sequences of tones and could transfer this discrimination to novel sequences within the absolute frequency range of the training sequences; however, they could not transfer to novel exemplars outside the frequency range of the training sequences. We did not find this effect. In all cases, the birds suffered only a temporary decrement in performance when transferred to stimuli in a new frequency range.
Why, then, did we not find a frequency range constraint? All previous studies on the frequency range constraint have used transfer stimuli that have placed absolute and relative pitch information in direct conflict with each other. This study did not. Our experimental design allowed the birds to reveal which form of perception had driven the initial discrimination without biasing them against the other form of perception. In the earlier frequency range constraint experiments, the birds were originally trained to discriminate between ascending and descending sequences that started in either a lower or a higher frequency range. Then the birds were transferred to ascending and descending sequences that were both in the same new frequency range. As a result of the birds' strong predilection toward forming absolute pitch ranges, they would be confused by having new reinforcement contingencies in what had previously been rewarded as a single category (higher absolute frequency range). In our experiments, the ascending and descending transfer stimuli were in different new frequency ranges above and below the training frequency range. This appears to have removed the frequency range constraint.
The data presented here indicate that European starlings can readily form categories of sounds. Furthermore, they can assign novel sounds to these categories on the basis of either relative pitch or absolute pitch. Data collected from field playback experiments indicate that both relative pitch information and the absolute frequency range of bird songs appear important for conspecific song recognition. The fact that absolute pitch perception appears to dominate relative pitch perception in our lab studies suggests several interesting possibilities. Perhaps birds have a hierarchy of perceptual processes when they hear conspecific song. A bird may first determine whether or not a novel song falls within a species-typical absolute frequency range. Then the bird may further use relative pitch cues to recognize other aspects of the song, such as dialect, familiarity, and identity of the singer. The most interesting future direction for this work will involve examining these possibilities, that is, determining exactly what role relative and absolute pitch perception play in song recognition in the field.
